Fluorescence techniques have been widely employed in chemistry and biology for over a century. 1 Various fluorescence methods 2 have been developed for elucidating specific interactions in biological systems as well as for application on screening system for drug development. Nowadays, many current researches are interested in monitoring protein-protein interactions, which has an important key in understanding complex biological phenomena. As a model system of protein-protein interaction we have characterized the fusion protein (gp41) of human immunodeficiency virus (HIV). The ectodomain of gp41, which is a transmembrane subunit of the envelope protein of HIV, composed of a coiled coil and membrane proximal helical domains. 4 Since the strong interaction between the two domains of gp41 has important roles in mediating fusion between membranes of the virus and target cell, 5 the in vitro assay systems targeting the activity of gp41 have been extensively studied and developed for the research of drug discovery. 6 Previously, we have reported the in vitro assay system, 3 which is mainly based on the conventional ELISA for screening inhibitory compounds against gp41. Here we report that a novel in vitro assay system has been developed using the fluorescence labeled protein. The coiled coil or the C-terminal membrane proximal helical domains (C-αH) of gp41 were inserted into the C-terminus of thioredoxin (Trx) or glutathione Stransferase (GST), respectively, to generate the chimera proteins, Trx-N and GST-C, as described previously. 3 Then, the GST-C was conjugated with the thiol-reactive Rhodamine dye (Rhodamine Red C2 maleimide) 7 as shown in Figure 1 . Since the labeling site of the fluorescence dye is located at the GST domain, it could not interfere the inherent interaction between the two helical domains. Conjugation methods and measurements of labeling efficiency were followed by the recommended procedures of the supplied company. 7 The interaction between Trx-N and Rhodamine dye labeled GST-C has been measured using a fluorescence plate reader with λex = 560 nm and λem = 580 nm. 8 The experimental procedures are partially based on ELISA methods. The Trx-N is immobilized on the surface of 96well plates by incubation at room temperature for 1 h. After blocking un-reacted surface with 5% skim milk and washing 6 times with PBST buffers (100 mM Sodium Phosphate, 150 mM NaCl and 0.5% Tween 20 at pH 7.0), the rhodaminelabeled GST-C (Rh-S-GST-C) added to the plate for 1 h. After removing unbound protein by washing with PBST buffer 5 times, the bound Rhodamine-labeled GST-C was denatured and separated from the surface into the solution phase by the incubation with 8 M urea. The fluorescence intensity of the eluted Rhodamin-labeled GST-C was monitored and analyzed by the fluorescence plate reader. As this assay requires an incubation time of only one hour after blocking steps, it is considerably faster than the conventional ELISA assay that requires several additional time-consuming washing and incubation steps. In addition, the fluorescence intensity is directly proportional to the amount of Rhodamine labeled GST-C due to the absence of signal amplification step during the detection or color development process.
The dose dependent binding of the Rh-S-GST-C on the surface immobilized Trx-N (filled circle) and the basal level of fluorescence intensity of the Rh-S-GST-C bound to Trx (open circle) indicated that the binding between Trx-N and Rh-S-GST-C is mediated by the interaction between the coiled coil and C-αH region gp41, and Rh-S-GST-C has no nonspecific binding to the blocking agent or thioredoxin protein under the assay condition.
From the standard curve equation 9 of Rh-S-GST-C, the amounts of the bound Rh-S-GST-C on the surface could be determined and therefore, the apparent dissociation constants 10 (Kd) between GST-C and Trx-N proteins have been evaluated to be 8.7 × 10 −7 M −1 , assuming the binding mode is simple one to one. This value is consistent with the results of the previous reports. 3 To confirm the specificity of the * To whom correspondence should be addressed. Phone: +82-2-958-5936, Fax: +82-2-958-5909, e-mail: ygy@kist.re.kr interactions, the competitive inhibition by another C-αH containing protein at the C-terminus of thioredoxin (Trx-C) or a chemical compound (KY100: Fig. 3A ) that had been previously identified to prevent the interaction between the coiled coil and C-αH region of gp41 11 (unpublished data) has been tested. The Trx-C and KY100 were shown to effectively inhibit the interaction between Rh-S-GST-C and Trx-N as shown in Figure 3B . The concentrations for 50% inhibition were measured as 2 and 1 µg/mL for Trx-N and KY100, respectively, implying that this assay system could be used to screen anti-HIV inhibitory compounds with high sensitivity.
In conclusion, we have demonstrated that the developed assay system is a direct, timesaving, and sensitive method for screening inhibitory compounds against the activity of gp41. The usage of directly fluorescence labeled protein has advantages of low level of non-specific binding and high sensitivity, which is comparable with ELISA assay. This type of assay could be applied for other type of proteinprotein interactions. 
